Introduction
The mechanisms by which the biochemical structure of the human cervix changes toward term and during labour resulting in its softening and dilatation are poorly understood. The largely collagenous nature and sparse regionally distributed smooth muscle of the human cervix (Danforth, 1954) make it necessary to explain the softening process in terms of connective tissue restructuring. The collagen in the non-pregnant human cervix appears as dense, interlacing fibrils bound by glycosaminoglycans (Danforth, Buckingham & Roddick, 1960; Danforth et al, 1974) . However, immediately after parturition the cervix has less collagen and glycoproteins, increased water content and glycosaminoglycans (primarily keratan sulphate) (Danforth et al, 1974; Maillot, Stuhlsatz, Mohanaradhakrishnan & Greiling, 1979) .
The time course of the softening process in pregnancy and parturition has yet to be precisely determined. It has been shown that, in the post-partum human cervix, collagen solubility is increased and this solubility is associated with a breakdown of the collagen structure (Maillot & Zimmerman, 1975; Kleissl, Van Der Rest, Naftolin, Glorieux & DeLeon, 1978) . In the rat cervix reduced collagen content has been equated with decreased tensile strength and enhanced distensibility (Zarrow & Yochim, 1961) Bergman & Loxley (1963) scaled down to utilize 200 ul of the neutralized hydrolysate. This assay system can detect 9 IO"6 M-hydroxyproline in 1 ml of the original incubation medium. The inter-and intra-assay coefficients of variation were 8% (n = 6) and 10% (n = 10) respectively. Experiments were initially carried out to determine the optimum conditions for collagen dissolution. Changing the incubation medium every 2nd day of culture rather than daily did not affect collagen dissolution (measured by the appearance of hydroxyproline in the incubation medium), but changing the incubation medium every 3rd day significantly depressed hydroxyproline levels. Ethanol (0-5%) had no effect.
Routinely, tissue was cultured for 10 days and hydroxyproline assayed in the incubation medium harvested from Day 5 until Day 10, the period during which the hormone-induced changes are most readily observed; the results are expressed in terms of total hydroxyproline (nmol/100 mg initial wet weight of tissue) production during Days 5-10 of culture compared to that for control cultures which were always carried out in parallel. In experiments set up to correlate tissue hydroxyproline loss with the appearance of hydroxyproline in the medium, tissues were cultured for up to 20 days. The tissue was hydrolysed with 1 ml 6 N-HC1 overnight at 100°C. The hydrolysate was centrifuged to remove the carbon residue, neutralized and diluted in citrate buffer pH 6 (1:20 v/v) before assay for hydroxyproline. The percentage hydroxyproline lost was estimated by comparing the hydroxyproline content of expiants before and after culture.
Histological examination of cervix expiants
Cervix expiants were fixed in Heidenhain's SUSA fixative overnight, dehydrated and embedded in paraffin wax (Culling, 1963 Control 320-9 ± 44-0 (10) 258-9 ± 35-6 (9)
Oestradiol-17ß 1 IO"6 m 244-4 ± 52-5 (6) 157-3 ± 19-9 (6)* Oestradiol-17ß 5 IO"6 m 262-8 ± 60-0 (6) 143-3 ± 10-0 (6)* Oestradiol-17ß 1 IO"5 m 212-6 ± 44-5 (9) 70-4 ± 10-3 (9)** Values are mean ± s.e.m. for the no. of observations in parentheses.
Values significantly different from those in respective control experiments, *P < 0-05; **P < 0-001 (Student's t test).
Evidence that this is a receptor-mediated event was suggested by lack of effect of oestradiol-17a (5 x 10"7 to 5 10"5 m) and oestriol (1 IO-7 to 5 x IO-5 m) (results not shown). Text- fig. 2 . Effect of increasing concentrations of progesterone (P) on the appearance of hydroxyproline-containing peptides in the incubation medium of cultures of expiants of non-pregnant human cervix. *P < 0-02; **P < 0-01 compared with control values on that day (Student's t test).
Effect ofprogesterone There was a concentration-related reduction in the accumulation of hydroxyprolinecontaining peptides in the culture medium (50% inhibition at 8 -7 m) (Text- fig. 2 ). There was no difference in the response to progesterone when tissue was collected into medium alone or medium containing 1 10~7 M-progesterone immediately after removal at hysterectomy.
Discussion
The appearance of soluble hydroxyproline-containing peptides in the incubation medium is characteristic of collagenase-synthesizing expiants. The time course for the collagen dissolution essentially follows that described for cultures of the involuting rat uterus (Jeffery et al, 1971) and the non-pregnant rabbit uterus (Cartwright et al, 1977) , with the collagen breakdown being low over the first 4 days of culture. This initial delay in collagen dissolution may represent low levels of active collagenolytic enzymes as a result of the synthesis of a pro-enzyme (Vaes, 1972) or the concurrent synthesis of an enzyme inhibitor (Sellers, Cartwright, Murphy & Reynolds, 1977) . The absence of any cellular necrosis after 10 days in culture eliminates the possibility that the appearance of hydroxyproline in the culture medium is related to necrosis. Moreover, the ability of oestradiol and progesterone to inhibit dissolution makes it highly unlikely that the observations are due to degenerative changes. The loss of collagen from the tissue was associated temporally with the appearance of hydroxyproline in the culture medium, suggesting that net collagen breakdown was being measured although diminished collagen synthesis may also have contributed.
The effect of steroid hormones on cervical collagen dissolution may be related to the ability of these hormones to diminish collagenase synthesis as shown in uterine tissue of rat (Jeffery et al, 1971 ) and rabbit (Cartwright et al, 1977) . This action of progesterone may involve suppression of messenger RNA synthesis (Jeffery & Koob, 1973) . The inhibition of collagenase synthesis by progesterone has also been equated with retarded involution of the uterus in vivo (Halme & Woessner, 1975) .
Although there are no existing data on the effect of steroid hormones on the collagen content of the human cervix in vivo, the effect of progesterone in vitro may help to explain the results of Liggins, Grieves, Kendall & Knox (1972) who showed that cervix softening in sheep treated with dexamethasone could be prevented by progesterone in doses too low to inhibit uterine contractility. Fitzpatrick (1977) also suggested that the degree of cervix softening induced in sheep by infusion of prostaglandin F-2a was inversely related to peripheral progesterone concentrations. Although these observations are at variance with those of Stys, Clewell & Meschia (1978) , who showed that progesterone did not inhibit cervix softening in sheep at term, we suggest that the prevention of cervix softening observed in some studies following progesterone treatment is due to inhibition of the processes involved in collagen dissolution.
Our work indicates that if tissue is deprived of oestradiol-17 ß for about 1^h then subsequent responsiveness to that hormone is lost. Peck, De Libero, Richards & Clark (1973) have previously shown that in vitro the oestrogen receptors of the uterus are labile and are lost in the absence of oestrogen. Our findings suggest a similar effect in human cervix.
The inhibitory effect found with oestradiol-17ß is more difficult to correlate with data from other sources. A similar action of oestradiol has been demonstrated for expiants of non-pregnant rabbit uterus (Cartwright et al, 1977) . In the rat in-vitro treatment of the post-partum involuting uterus with oestradiol-17 ß did not inhibit collagen dissolution (Jeffery et al, 1971 ), but treatment of animals with oestradiol-17 ß followed by subsequent examination of the collagen content of the uterus identified an inhibitory effect of the steroid on involution (Ryan & Woessner, 1974; Woessner, 1979 (Leppi & Kinnison, 1971 ). These observations may be explained in terms of changes in the glycosaminoglycans which may effect an increased susceptibility of the collagen to collagenolytic enzymes (Flint, 1972) .
Oestrogens have been used clinically to soften the cervix, but the results are equivocal. Gordon & Calder (1977) reported softening of the cervix with oestradiol-17ß although other workers have reported negligible action (Thiery et al, 1978) or effective softening only with doses that also induce uterine stimulation (Craft & Yovich, 1978) ; this indicates that the effect may be secondary to enhanced uterine contractility. We have never observed an increase in collagen dissolution with oestradiol treatment; significant inhibition was observed if the tissue was maintained in an oestrogen-containing environment. We, therefore, suggest that, if oestrogens are effective in softening an unripe cervix in vivo, this action may be mediated through mechanisms other than direct collagen dissolution, such as altered uterine contractility or glysosaminoglycans. In the human cervix the glycosaminoglycan composition, in particular hyaluronate and keratan sulphate, increases throughout pregnancy (Danforth et al, 1974; Maillot et al, 1979) . These changes may alter collagen fibre organization (Borcherding et al, 1975) or the susceptibility to collagenolytic enzyme-induced breakdown (Flint, 1972) .
If collagenolytic activity is a major prerequisite of cervix softening then it would be expected to increase during softening. Preliminary data in the rat suggest that an increase in enzyme activity is apparent during late pregnancy (R. M. Wallis & . Hillier, unpublished observations) and the observations of Kitamura, Ito, Mori & Hirakawa (1979) for the human cervix during pregnancy would support this. We conclude that collagen dissolution in the human cervix is under hormonal control and that progesterone and oestradiol-17ß are, at least in part, responsible for the structural integrity of the cervix.
